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Effects of gender and strain cross on carcass characteristics, meat quality and 
sensory acceptability were studied. Strains consisted of a commercially available strain 
(Strain A), and a strain genetically selected to maximize breast yield currently in the test 
phase (Strain B). Broilers varying in gender and strain cross had similar compositional 
characteristics; all treatments yielded high quality breast and thigh meat and did not differ 
in sensory acceptability. 
 Effect of salt concentrations on yields, instrumental quality, and sensory 
acceptability of broiler breast meat was determined. Breast fillets were vacuum-tumbled 
with different concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50%) of NaCl and 
0.35% sodium tripolyphosphate (STP). Marination showed improvent in CIE L*, shear 
force, and cooking loss. Marinated samples were highly acceptable to the majority of 
consumers. Results indicate that 0.5-1.0 % NaCl could be used to effectively marinate 
broiler breast meat depending on product application and desired attributes.  
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CHAPTER I 
INTRODUCTION 
In today’s economy, many industries, including the poultry industry, are facing 
the challenge of finding more economically sustainable forms to improve their 
production. Meat availability in the United States is tracked by the USDA, and recent 
data shows that per-capita consumption of red meat has decreased from 51 to 49.2 kg 
whereas white meat (including fish and shellfish) has increased from 83.4 to 89.5 kg from 
1990 to 2008 (ERS/USD, 2010). In addition, the trend in consumption and production of 
poultry products has shifted from whole carcasses to cut-up parts (especially breast 
fillets) and further processed products. To accomplish these production goals, the breeder 
industry had employed selection practices that had resulted in improved growth rates, 
reduced feed conversion, decreased age to slaughter, and increased meat yields 
(Havenstein et al., 2007). The genetic, management and nutrition improvements, in 
combination with the efficiency of vertical integration, had led to the development of the 
current poultry (especially broiler) industry and its ability to produce greater amounts of 
poultry meat and poultry products at lower cost (Havenstein et al., 2003b; Havenstein et 
al., 2007). Although, the current poultry industry has accomplished the aforementioned 
improvements, there is an increased concern related to meat quality. However, meat 
characteristics such as tenderness, juiciness, color, pH, and flavor warrant research 
because it is important to understand if quality characteristics may be altered by genetic 
selection selecting for maximum growth or muscle mass development. Moreover, many 
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processors of poultry products are interested in maximizing water content in their 
products with the aim of improving quality, and maintaining uniformity of their products 
while improving profitability. Currently, broiler breast meat is commonly marinated with 
salt and phosphate to increase yields and ensure that meat is tender and juicy regardless 
of how the consumer prepares and cooks the product (Lyon et al., 2005; Alvarado and 
Mckee, 2007; Saha et al., 2009). Therefore, the following chapters will explore the effect 
of strain cross and sex on carcass characteristics, meat quality and sensory attributes. 
Some attention is also given to the effect of various sodium chloride concentrations in 
combination with sodium tripolyphosphate (STP) on the quality and sensory acceptability 
of marinated broiler breast fillets as well as the minimum amount of salt that could be 
used to produce commercial chicken breast meat that is acceptable to consumers. 
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CHAPTER II 
LITERATURE REVIEW 
Genetic selection in the poultry industry 
Between 1980 and 2010, the poultry industry has changed dramatically, which is 
a result of a significant increase in poultry meat consumption. The current broiler 
industry has focused on various age/weight markets and has established target weights for 
slaughter. For this reason, the ages at which broilers are marketed are important and may 
change due to the factors that influence growth rate (Emmerson, 1997) such as feed 
conversion, environment, and market requirements. Producers are interested in improving 
traits such as growth rate, feed conversion, carcass leanness, and processing yields, due to 
their economic impact (Barbut et al., 2008). The breeder industry constantly strives to 
improve the genetic selection for efficiency in growth performance, growth rate, and 
carcass traits (Mehaffey et al., 2006). Genetic selection for body weight has resulted in a 
reduction of the number of days required to grow birds for market weight (Emmerson, 
1997, Havenstein et al., 2003a). Additionally, the selection of animals within and 
between lines (crossbreeding) has resulted in the development of diverse commercial 
crosses that are designed to improve traits of economic importance to the meat and 
poultry industry. Dramatic genetic progress has been made between the 1980’s and 2010 
for growth and feed conversion through the advances of primary breeding companies and 
the relationship between growth rate and feed conversion (Emmerson, 1997; Havestein et 
al., 2007). However, the majority of the improvement in feed conversion can be 
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attributed to the improvement in growth potential. Therefore, genetic selection applied by 
the industry has remarkably improved growth rate, reduced feed conversion, decreased 
slaughter age, and increased meat yields (Havenstein et al., 2007). Genetics, 
management, and nutrition improvements, in combination with the efficiency of vertical 
integration, has led to the ability of the poultry (especially broiler) industry to produce 
greater amounts of poultry meat and poultry products at lower cost (Havenstein et al., 
2003b; Havenstein et al., 2007). Havenstein et al. (2003a,b) compared a modern 
commercial strain, Ross 308, and a randombred strain  created in 1957 (ACRBC, Athens-
Canadian Randombred Control) maintained without selection. Their results showed a 4- 
to 5-fold increase in BW, and an improvement in feed efficiency of 15 to 20%. 
Additionally, genetic selection during this period has led to an increase in percentage 
yield of edible meat and doubled the proportion of breast muscle in the carcass. These 
researchers concluded that yield of broiler carcass parts has continued to increase over 
time and that genetics has been the major contributor (around 85 to 90%) to the changes 
that have occurred in broiler growth rate and yields between 1960 and 2010.  
Poultry meat growth has been very dynamic and currently ranks in the second 
place in volume in the world when compared to pork. (Le Bihan-Duval, 2004). Thereby, 
as the poultry industry has changed, consumer eating habits have changed along with it, 
and meat quality has become more economically important. Therefore, the increasing 
demand of consumers for consistent, high meat quality has challenged the entire meat 
industry, from live animal performance (including genetics) to improvements in meat 
characteristics such as tenderness and juiciness, color, pH, and flavor. In fact, it is 
important to understand if quality characteristics may be altered by the selection applied 
to growth or muscle mass development. Berri et al. (2001) compared the metabolic 
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pattern and breast meat quality among four broiler lines: an experimental line, a 
commercial line selected for increased body weight and breast meat yield, and their 
respective unselected control lines. Their results showed that the commercial and 
experimental selection lines decreased heme pigment content, and also that breast meat 
from selected birds was paler and less red. However, this change in color did not 
corresponded to the pale, soft, and exudative meat condition. The selected lines showed 
lower rate and extent of pH decline postmortem, which was consistent with the lower 
glycolytic potential they exhibited. However, no significant changes in the metabolic 
pathways were found to explain differences in the pH decline among lines. Despite the 
evidence of modification on the metabolism of breast meat, this study did not support the 
theory that selection negatively affects meat quality. On the other hand, Sandercock et al. 
(2009) studied the effects of genetic selection and genetic variation on carcass 
composition and meat quality from 37 lines (12 broiler, 12 layer, and 13 traditional). 
Their results showed a high genetic variation for weight and yields over all the lines and 
within the broiler, layer, and traditional lines. The broiler lines were heavier, fatter, and 
had greater breast meat yield. Broiler lines also had proportionally smaller heart and 
spleen weights. Additionally, broiler lines had greater plasma creatine kinase activity, 
indicating possible greater muscle pathologies and poor quality for processing. Moreover, 
broiler breast meat was paler and more susceptible to meat blood splash. However, 
cooked breast meat from broiler lines at 6 wk of age was preferred by the taste panel 
participants and had better texture, and flavor over layer and traditional lines. Layer and 
traditional lines were fairly similar indicating that in contrast to genetic selection for 
broiler lines, selection for high egg production did not compromise muscle yields and 
meat quality of these lines.  
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Although selection of meat-type chickens for increased breast meat yield has been 
successful, the impact on meat quality, storage, and functionality for further processed 
products need to be studied along with the genetic selection improvements to ensure that 
meat quality is not compromised when genetic improvements are made (Le Bihan-Duval 
et al., 1999). 
Meat Quality 
Meat quality is defined by those characteristics that consumers perceive as 
desirable and includes visual, sensory, and safety traits. Therefore meat color, texture, 
color and amount-distribution of fat, as well as the appearance in the tray are critically 
important. Once cooked, an acceptable meat product is defined by its tenderness, 
juiciness, pleasing aroma, and desirable flavor. However, consumer expectations vary 
according to their cultural background and past experiences (Sams, 1999).  
Meat quality is determined by the interactions between the genotype of the 
animal, environment, and the stress undergone prior to slaughter. Stress susceptible 
animals have abnormally high temperatures, rapid glycolysis (pH drop), and accelerated 
onset of rigor mortis in their muscles postmortem (Le Bihan-Duval, 2004). Postmortem 
changes are rapid, and in a short period of time an extent of muscle temperature, lactic 
acid build-up, and exhaustion of ATP occurs. Therefore, during muscle to meat 
transformation, a rapid pH decline at relatively high temperature results in excessive 
protein denaturation, and subsequently an undesirable exudative, color and texture when 
compared to normal meat. 
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Pale, soft, and exudative (PSE) meat 
The pectotalis major and pectoralis minor muscles in chickens and turkeys 
predominantly consist of white (Fast-twitch glycolytic (FG), Type-IIb) fibers which are 
capable of fast bursts of energy (Barbut et al., 2008). This energy is generated aerobically 
by glycolysis. Postmortem glycolysis is one of the most important factors influencing the 
quality of meat. Since the end point of glycogen breakdown is lactic acid, there is a build-
up of this metabolic product, mainly in specific muscles from species that consist 
predominantly of white fibers such as pork, and poultry breast meat (Du and McCormick, 
2009). Excessive glycolysis leads to pale, soft, and exudative (PSE) meat. The PSE 
condition in meat has been characterized by low pH, a pale and exudative appearance, 
and soft texture. PSE in pigs has been attributed to two genetic mutations: the Halothane 
(Hal), and Rendement Napole (RN) gene mutations. Hal gene mutation is responsible for 
the porcine stress syndrome (PSS) that is known as well as Malignant Hyperthermia 
(MH), and the RN gene mutation affects the adenosine monophosphate (AMP) kinase 
mechanism by synthesizing greater amounts of glycogen postmortem that initially shows 
a normal pH decline but later results in a lower than normal ultimate pH. This genetic 
material has been removed from porcine breeding stock but PSE meat is still observed. 
This variation in pork meat quality and protein functionality can be associated with both 
the incorrect handling of stock prior to harvesting and muscle that have been exposed to 
relatively high temperatures during the postmortem period (Barbut et al., 2008). 
However, the role of both gene mutations (Hal, and RN) has not been completely 
understood in poultry. The sensitivity to the Hal gene was evaluated as a potential 
method for detecting turkey susceptibility for the development of PSE meat (Owens et 
al., 2000). However, there is some evidence that PSE-like meat in turkey may be a 
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consequence of the combination of accelerated pH decline and high muscle temperatures 
after slaughter, which leads to protein denaturation (McKee and Sams, 1998).  
The current broiler industry markets birds that are harvested at a younger age and 
about twice the body weight as compared to birds that were produced 55 years ago. The 
process of selection has evidently put more stress on the growing process of the bird and 
may lead to an increased incidence of PSE meat. From a breeder perspective, it is 
important to take into account how the selection process has affected the structure of 
muscle, and how it potentially affects meat quality and further processed products 
(Barbut et al., 2008). Research has been conducted on broiler breast meat in order to 
characterize and identify the incidence of PSE defects. PSE broiler breast meat has been 
described by having lower pH (5.7), greater color L* value (> 60), greater drip loss 
(1.34%) and lower cook yields (95.2%) (Van Laack et al., 2000; Woelfel et al., 2002) 
when compared to normal meat. When using CIE L* value at 24 h postmortem of 
chicken fillets as indicator of PSE, 47 % of 3,554 fillets tested were pale and may 
potentially present poor WHC (Woelfel et al., 2002). Further processed products made 
from PSE pork or poultry PSE meat have low cooking yield, increased purge, poor 
binding capacity and texture, which can result in economic losses for the industry 
(Cannon et al., 1996). 
pH 
In postmortem muscle, the accumulation of lactic acid is one of the most 
significant changes. The rate and extent of muscle pH decline after an animal has been 
exsanguinated are important factors that influence meat quality (Berri et al., 2001). 
Numerous factors are known to have an impact on pH. Some of these factors include 
 
9 
genotype, diet, pre-slaughter stress, temperature, and stunning method. Meat traits such 
as WHC and color are also affected by these factors since these traits are highly related to 
pH.  
Broiler chickens commonly have breast muscle with pH values between 6.2 to 6.5 
at 15 min postmorterm (pHi) (Sandercock et al., 2001; Battula et al., 2008) and ultimate 
pH (pHu) values near 5.8 (Van Laack et al., 2000). pH value is widely used as an 
indicator of meat quality. Usually, poultry meat with pH values below a pH threshold of 
5.7 is potentially an indicator of PSE meat (Van Laack et al., 2000: Woelfel et al., 2002). 
Although, pH is a main indicator of the severity of defect related to PSE-like meat, the 
contribution of temperature in the development of PSE meat is also important. McKee 
and Sams (1998), reported that elevated postmortem temperatures accelerate the 
development of rigor mortis of turkey breast fillets,  resulting in tougher meat with 
increased drip loss, cook loss and L* values. Additionally, acute heat stress prior to 
slaughter induces changes in broiler breast muscle glycolytic metabolism indicated by 
lower pHi, increased water loss, and incidence of breast muscle hemorrhages without 
altering pHu (Sandercock et al. 2001). However, previous authors have reported that pHu 
has a significant effect on various meat traits associated with meat quality such as 
tenderness, cook loss, juiciness and shelf life (Fernandez et al. 1994; Le Bihan-Duval et 
al., 1999; Qiao et al., 2002), and has a marked influence on the ability of fresh meat to 
retain natural or added water, a property that is usually referred as water-holding-capacity 
(WHC) (Van Laack et al., 2000; Woelfel et al., 2002). The WHC is very low at the 
isoelectric point of meat proteins (5.1-5.3), and is greater as the pH is further away from 
the isoelectric point (Miller, 1998; Zhuang and Savage, 2010). Le Bihan-Duval et al. 
(1999), in a study counting for the effect of genetic selection on meat quality, reported 
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that L* appeared to be highly correlated with pHu and suggested that genetic selection for 
lower L* values may lead to higher pHu and increased WHC. Qiao et al. (2001) reported 
significant negative correlations between pHu and L* values, suggesting that pH 
variations associated with extreme raw breast meat lightness variation can affect the 
functional properties relative to breast meat quality.  
Color 
Myoglobin is the major contributor to meat color, although other heme proteins 
such as hemoglobin and cythrocome C may also play an important role in meat color. 
Kranen et al. (1999) reported that total heme, hemoglobin and myoglobin are related to 
muscle type, and indicated that myoglobin is present at low concentrations in chicken, 
which explains the light color of breast meat. Additionally, the surface color of raw meat 
can be affected by various factors such as strain, sex, nutrition, moisture content, physical 
state of the proteins, stress, and pre-slaughter handling, among others (Woelfel et al., 
2002; Mehanffey et al., 2006; Jarusitha et al., 2008). Genetics plays an important role in 
meat color. Genetics that predispose animals to stress influence postmortem muscle pH 
results in a prominent incidence of pale muscle. Moreover, elevated temperatures 
associated with stress-susceptible animals can inactivate proteins involved in oxygen 
consumption, thus resulting in a greater surface oxygenation due to less competition for 
oxygen by enzymes which compromises color stability during display (Rosenvold and 
Andersen, 2003). Brewer et al. (2004), reported that genetic line (Duroc/ Landrance, 
Pietrain, Duroc/ Hampshire, and large white) affected loin chop two-toning, lightness, 
and CIE a*. The role of diet/nutrition in meat color is explained by its indirect effects on 
metabolism, glycogen storage, pH, and chilling rate. In pork, strategic finishing diets with 
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low-carbohydrates can reduce muscle glycogen stores. Therefore, abnormal lower 
glycogen content at the time of slaughter will minimize both postmortem glycolysis and 
pH decline and subsequently improve color in the muscles from species that are 
susceptible to stress and color defects (Rosenvold et al., 2001). Dietary supplementation 
has been studied as a means of improving poultry meat color. Supplementing diets with 
Selenium (Se) yeast and methionine (Met) and conjugated linoleic acid (CLA) has shown 
to improve the color stability of raw chicken meat (Du et al., 2000; Wang et al., 2009). 
Additionally, husbandry practices, such as transportation, that induce a combination of 
physical and psychological stress can alter muscle pigmentation through changes in the 
IIb fiber (slow-twitch) content and oxidative metabolic capacity (Yue et al., 2010)  
Instrumental color variation is usually reported using the CIE LAB* scale for 
lightness (L*), redness (a*), and yellowness (b*). Muscle pH and meat color are strongly 
correlated. Allen et al.(1998), Le Bihan- Duval et al. (1999), Berri et al. (2001) and Qiao 
et al. (2001) reported a negative correlation between pH and L* values of broiler breast 
fillet. Therefore, color variation can be used as a non-destructive indicator of meat 
quality; previous researchers have reported evidence of this relationship between the 
extreme variations of raw breast meat lightness with low pH and meat functionality 
(Mckee and Sams, 1998; Owens et al., 2000; Qiao et al., 2002; Woelfel et al., 2002). In 
poultry meat, lower pH values are associated with the PSE condition, whereas higher 
muscle pH values are associated with darker color (Allen et al., 1998). 
Tenderness 
After rigor mortis is complete, the tension induced by actin and myosin cross-
bridges decreases. This decrease in tension is due to the proteolytic degradation of 
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specific myofibrillar proteins near to the Z disk, resulting in a weakening of the actin-
myosin interaction, and therefore a loss of muscle structural integrity (Huff-Lonergan et 
al., 2010). Taylor et al. (1995) suggested that the degradation of titin and nebulin proteins 
may be the reason for the deterioration of the integrity of the myofibrils in the I-band 
region. Several enzyme systems such as the calpain proteinase system, calpastatin and 
calpain enzymes, caspase system and proteasome participate in the postmortem 
proteolytic degradation of myofibrillar proteins. 
In poultry meat, aging (period of time between harvesting and deboning) is 
important because it contributes to meat tenderness. Research indicated that breast 
muscle reaches its ultimate pH level around 2 h postmortem, and that meat deboned after 
4 h of chilling postmortem is significantly tender (Lyon et al., 1985). Recently, various 
researchers have reported that shear force values in broiler breast meat decrease as 
deboning time increase, and observed that the meat was sufficiently tender when it was 
deboned at 4 h postmortem (Battula et al., 2008; Xiong et al., 2006).  
Tenderness is significantly important to the poultry meat industry (Sams, 1999). 
Tenderness or texture in meat products is an important palatability trait factor and 
represents one of the major concerns regarding boneless skinless broiler breast meat 
quality (Sams, 1999, Schilling et al., 2003). Various instrumental methods have been 
developed for the evaluation of meat tenderness, such as the Warner-Bratzler (WB) shear 
blade, Allo-Kramer (AK) shear compression (multiple blades), Razor Blade (RB), 
Texture Profile Analysis (TPA), and most recently the Meullenet- Owens-Razor Shear 
(MORS). WB shear force analysis has been widely used to evaluate beef texture, and it is 
also one of the most widely used methods for poultry meat tenderness assessment. During 
instrumental tenderness evaluations, it is important to consider sample size, location of 
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the sample within the muscle, fiber orientation of the sample, orientation of the fiber to 
the shearing blade, and presence of connective tissue. Taking in account these factor 
helps to be consistent and reduce variation while testing instrumental tenderness to obtain 
reliable data. Moreover, a repeatable method which could be implemented into an on-line 
production setting represents a faster alternative to guarantee tender meat. Tenderness is a 
highly variable parameter, in some cases depending on intrinsic characteristic of the 
muscle. Zhuang and Savage (2009) reported that meat texture can vary from one location 
to another within the muscle and that aging and days of storage can affect the 
intramuscular variation (Lyon and Lyon, 1990; Xiong et al., 2006). Although 
instrumental evaluation can provide information to compare meat texture among samples 
and indicate sensory tenderness, it provides limited information pertaining to the 
consumer acceptability or preference of meat products. Therefore, consumer opinion is 
indispensable to explain the effect of shear value measurements on product acceptability 
(Schilling et al., 2003; Destefanis et al., 2007). Xiong et al. (2006) used regression 
models to predict sensory tenderness from instrumental shear values (from AK, WB, and 
RB methods) of broiler breast meat. They reported that shear values correlated 
marginally well with descriptive sensory attributes (R2= 0.57- 0.89) and strongly with 
consumer sensory scores (R2= 0.76 – 0.96). Additionally, the RB test was reported as the 
best predictors for hardness (descriptive sensory tenderness), and consumer tenderness 
was well predicted by all shear methods. Destefanis et al. (2007) tested the variation in 
consumer perception for various categories of beef meat tenderness established by WB 
shear values, and reported that 62.3% of consumers differentiated tender meat from 
intermediate and tougher meat, and 55.6% of consumers distinguished tough meat from 
intermediate and tender meat. Since, WB shear values were <43 and >53 N, for tender 
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and though meat respectively, they suggest a considerable concordance with the 
analytical panel. Similarly, Schilling et al. (2003) categorized breast meat samples based 
on their shear values and used logistic regression models to predict the probability of a 
chicken sample of receiving a specific acceptability score. These results suggested that 
most of the consumers would rank chicken breast meat with shear values between 1.1 and 
3.1 kg of shear force as highly acceptable in tenderness. 
Marination 
Marination is a process used to incorporate an aqueous solution containing 
ingredients such as salt, phosphates, herbs, spices, and seasonings, among others, into 
meat products, by means of soaking, blending, tumbling, or injection (Smith and Young, 
2007). Usually boneless skinless poultry meat is marinated in a vacuum tumbler, to 
increase marinade absorption and improve product uniformity (Fletcher, 2004). The 
mechanical action or massaging applied during marination induces a disruption in the 
internal structure of meat that enhances the effect and diffusion of the marinade 
ingredients (Offer and Trinick, 1983). The amount of water absorbed by the meat during 
marination has a tremendous impact on product yield and palatability (Xiong and Kupski, 
1999a). 
The use of marination for poultry carcasses, and deboned meat has increased 
significantly due to the beneficial effects that it provides with respect to texture, moisture 
absorption, flavor enhancement, and yield. Marination can also be employed to reduce 
the aging time that is required prior to deboning in order to ensure that meat is tender 
(Saha et al., 2009a). Saha et al. (2009b) marinated broiler breast meat with phosphate and 
different salt concentrations and observed that meat samples marinated with salt 
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concentrations above 1.0% were more tender than the other treatments containing salt 
concentrations. However, all marinated treatments were more tender than the control 
(nonmarinated). Additionally, samples from meat marinated with 0.50 and 0.75% salt 
were considered just about right (JAR) for saltines. The results suggested that salt 
concentrations of 0.50 to 0.75% may be the optimal for marination of post-rigor broiler 
breast meat with respect to consumer perception. In another trial, Saha et al. (2009a) 
marinated pre-rigor and post-rigor deboned meat with 1% salt and 0.45% phosphate final 
concentrations. The results showed that marination was effective at improving tenderness 
in both pre-rigor and post-rigor meat. Moreover, a uniform consumer acceptance was 
observed. These results suggested that marination was successful at improving the meat 
quality traits of early deboned meat. Therefore, marination represents a promising 
technology to reduce aging time and maximize yield in meat products with the aim of 
improving quality traits such as tenderness, juiciness, color, and flavor while maintaining 
product uniformity and improving profitability.  
The most commonly used commercial marinades include water, salt, and 
phosphates as principal ingredients (Lyon et al., 2005; Alvarado and McKee, 2007; Saha 
et al., 2009b). Salt is a natural flavor enhancer, which improves taste and aroma of meat 
products (Gillete, 1985; Schilling et al., 2008). Use of salt also improves WHC. The 
electrostatic repulsion of Cl- ions in salt increases ionic strength which repels myofibrillar 
proteins and exposes more charged sites, and thin and thick filaments subsequently move 
further apart, thus increasing the space between them and allowing more water to be 
retained (Alvarado and McKee, 2007). Phosphates are also known for their ability to 
increase WHC. Alkaline phosphates, such as STP, are widely used in the poultry industry 
to improve raw and cooked product yield (Xiong and Kupski, 1999b), tenderness, cooked 
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meat color (Young and Lyon, 1997), oxidative stability and reduction of microbial 
growth (Alvarado and McKee, 2007). 
Sensory evaluation 
One of the principal goals of sensory evaluation is to perform valid and reliable 
assessments that can provide trustworthy information for important business decisions 
(Meilgaard et al., 2007). This makes sensory evaluation a useful tool that can be applied 
at different stages in the creation and maintenance of a product. Sensory evaluation has 
been defined by Stone and Sidel (1993) as “the application of scientific principles to 
evoke, measure, analyze and interpret sensorial responses to those intrinsic characteristics 
of food and materials as they are perceived by the human senses of smell, sight, sound, 
taste and touch”.  
Humans are highly variable as measuring instruments, and highly vulnerable to 
bias. In order to diminish this variability when conducting sensory evaluation, it is 
important to consider for measurements to be repeated, availability or number of human 
subjects (between 20-50), and that the sensory analyst follow the rules for panel attitudes 
(Meilgaard et al., 2007). Due to human inconsistency, instrumental and chemical 
measurements and adequate data transformation are conducted and correlated with 
sensory data with the purpose of predicting human responses (Meullenet et al., 1998). 
Nissen et al. (2004) indicated that TBARS (hexanal analysis) and vitamin E chemical 
analyses were correlated with flavor sensory terms. These researchers reported that 
TBARS analysis was positively correlated with the sensory attributes of “sour”, 
“linseed”, and “rancid”; and negatively correlated with the attribute “boiled meat”, 
whereas vitamin E analysis was positively correlated to the attribute “boiled meat” and 
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negatively with “rancid” and “linseed”. When evaluating beef tenderness, Destefanis et 
al. (2007) established WB shear values < 43 N for tender meat and >52.7N for tough 
meat, and considerable concordance was observed in the responses from consumer 
testing on which 62.3% of panelists distinguished tender meat from intermediate and 
tough meat, and 55.6% of consumer differentiated tough meat from intermediate and 
tender meat. 
Various sensory evaluation techniques have been developed, and some of these 
techniques are widely used in research and industry for the development and maintenance 
of new products. In some cases, analysts are interested in determining if differences can 
be perceived between two samples, while in other cases analysts want to determine if two 
samples are sufficiently similar to be used interchangeably (Meilgaard et al., 2007). Thus, 
the objective of the research is an important determinant of the technique to be used. 
Among these techniques, acceptance or affective tests are the most commonly used to 
measure consumer responses to a product. 
The principal objective of the affective testing is to assess the 
preference/acceptance of potential and current consumers to a product or specific product 
characteristics (Meilgaard et al., 2007). Affective testing is conducted using two types of 
affective methods: qualitative and quantitative. Qualitative methods usually have 
consumers talk about their feelings in small groups or individual interviews in order to 
determine their subjective responses to a product, whereas quantitative methods measure 
the responses from large groups of consumers by using a set of questions concerning 
preference, liking, and sensory attributes of the product (Meilgaard et al., 2007). 
Quantitative methods are widely used to asses overall preference or liking for a product 
by a group of consumers that are representative of the targeted population for the product, 
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to determine preference or liking for general aspects of products sensory properties 
(appearance, aroma, flavor and texture), and to measure consumer responses to specific 
sensory attributes of a product (Meilgaard et al., 2007) 
Meat/poultry flavor 
The most common attributes that specifically describe a food or beverage product 
are appearance, aroma, texture, and flavor. Flavor is one of the main attributes in muscle 
foods and has been defined as the combination of perceptions obtained from the 
stimulation of taste and smell. However, for purposes of sensory analysis, the term is 
limited to: the sensations perceived by the chemical senses from a product in the mouth 
(Meilgaard et al., 2007; Farmer, 1999). 
In meat, sulfur compounds such as cysteine, methionine, and thiamine and 
carbonyl compounds such as saccharides and aldehydes are the predominant flavor 
contributors (Ahn et al., 2009). These compounds react upon heating and yield the 
product flavor. There are several volatile and aroma compounds that can contribute to 
meat flavor. Many of these compounds can be altered during processing and storage 
(Calkins and Hodgen, 2007; Ahn et al., 2009). Soyer et al. (2010) reported a significant 
effect of frozen storage on lipid oxidation in raw breast and leg poultry meat. These 
researchers indicated that lipid and protein oxidation seemed to occur simultaneously in 
chicken meat during frozen storage. Ready to eat uncured meat is also susceptible to lipid 
oxidation, and phospholipids are the major contributors for lipid oxidation and warmed-
over flavor (WOF) development. WOF is commonly used to describe the unpleasant 
flavor of reheated oxidized cooked meat. WOF becomes evident during refrigerated 
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storage, and there is evidence that WOF positively correlates with non-heme iron content 
(Jayathilakan et al., 2007).  
The characteristic flavor of cooked meat is the result of thermally induced 
chemical reactions such as the Maillard reaction, and lipid degradation. The Maillard 
reaction occurs when an amino compound reacts with the carbonyl group of a reducing 
sugar in the presence of heat, producing compounds that contribute significantly to the 
formation of volatiles that are characteristic of cooked meat aroma (Calkins and Hodgen, 
2007; Ahn et al., 2009).  
Lipids are important contributors to flavor development in meat. Lipids in meat 
function as solvents for volatile compounds that are developed during heat processing. 
However, in cooked meat, lipid peroxidation is accelerated due to tissue disruption and 
meat compounds such as non-heme iron (Stodolak et al., 2007). Peroxides are formed by 
the free radical chain mechanism between a polyunsaturated fatty acid and oxygen. This 
type of oxidation produces aldehydes, lactones, hydrocarbons, furans, and ketones that 
contribute to undesirable rancid flavors in meat (Calkins and Hodgen, 2007). 
The measure of flavor perception from eating muscle food products, including 
poultry meat, is determined by the volatile odor compounds, nonvolatile taste 
compounds, and the availability of these compounds (Ahn et al., 2009). The presence and 
availability of these compounds are influenced by animal species, age of the animal, type 
of muscle, diet, lipid content, and muscle pH (Calkins and Hodgen, 2007). 
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CHAPTER III 
BROILER GENETIC STRAIN AND GENDER EFFECTS ON MEAT 
CHARACTERISTICS 
Abstract 
A randomized complete block design within a factorial arrangement of treatments 
was used to evaluate the effect of strain and sex on carcass characteristics, meat quality 
and sensory acceptability. Two broiler strains were reared, a commercially available 
strain (Strain A), and a strain currently in the test phase (Strain B) that has been 
genetically selected to maximize breast yield. Broilers were harvested in a pilot scale 
processing plant using commercial prototype equipment at 42 d of age. Carcasses were 
deboned at 4 h post mortem. The left half of each breast was evaluated for pH, color, 
cooking loss, shear force, and proximate analysis. The right side of each breast was used 
for consumer acceptability testing. Thigh meat was evaluated for proximate composition. 
No interactions were observed throughout the study. Male broilers had a higher (P<0.05) 
live body weight, carcass weight, breast weight and lower (P<0.05) dressing percentage 
and breast meat yield when compared to females. Broilers from strain B presented a 
higher (P<0.05) breast yield and dressing percentage than those broilers corresponding to 
the commercially available broiler strain. At 24 h post mortem, female broilers presented 
a lower ultimate pH and higher CIE b* values (ventral side of the pectoralis major) when 
compared to male broilers. On average, no differences existed (P>0.05) among treatments 
with respect to pH decline, cooking loss, shear values, and proximate composition. In 
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addition, no differences (P>0.05) existed among breast meat from the different strains 
with respect to consumer acceptability of appearance, texture, flavor and overall 
acceptability, but breast meat from strain B was slightly preferred (P<0.05) over strain A 
with respect to aroma. However, breast meat from both strains received scores in the 
range of “like slightly to like moderately”. Overall data suggest that all treatments yielded 
high quality breast and thigh meat and strain cross did not present variability in terms of 
consumer acceptability. 
Introduction 
The United States is one of the world’s largest producer and exporter of poultry 
meat, and the demand for poultry products in foreign and domestic markets has increased 
due to the accelerated increase in global population and the consumer perception of the 
health benefits of poultry meat (FAO, 2008). Consumers also acknowledge the 
convenience of portioned retail cuts at relatively low prices in contrast to beef or pork 
meat (Jaturasitha et al., 2008). In the past couple of decades, there have been changes in 
poultry meat market trends, and consumers have shifted from the consumption of the 
whole-chicken to the consumption of cuts (especially breast fillets) and further processed 
products (McKee and Sams, 1998; Mehaffey et al., 2006; Abdullah et al., 2010). Poultry 
meat and poultry meat products are important components in the diet of developed 
countries, and their consumption is affected due various sensory properties such as color 
tenderness, and flavor (Resurreccion, 2002). 
These changes had driven the poultry industry to put an emphasis on the 
improvement of breast meat yield and muscle mass development (Abdullah et al., 2010).  
For these reasons, there is a constant effort in the breeder industry to improve the genetic 
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selection for efficiency in growth performance and carcass traits of poultry (Mehaffey et 
al., 2006). These improvements in the poultry industry warrant research in the impact that 
broiler strains that are selected to maximize growth, and sex have on meat characteristics 
(Le Bihan-Duval et al., 1999; Jaturasitha et al., 2008). Therefore, this study was 
performed to determine the effect of strain and sex on carcass characteristics, meat 
quality and sensory attributes. 
Materials and methods 
Bird husbandry and treatments 
A total of 800 chicks from two genetic broilers strains, one commercially 
available (A) and other being in development and test phases (B) to optimize broiler 
performance, were obtained from a research hatchery, sexed, and vaccinated for Marek’s 
disease, Newcastle disease, and infectious bronchitis. Male and female broilers from each 
strain were randomly placed in16 floor pens with 50 birds per pen (0.08 m2/bird), 
resulting in sex and strain being the factors evaluated (4 treatments; 4 replications each). 
Blocks corresponded to the area within the broiler house. Each pen was equipped with a 
hanging feeder, a nipple drinker line, and built up litter (previously used soft wood 
shavings). Birds consumed feed in mash form and water on an ad libitum basis. A 
common starter diet containing 22% CP and 3,100 kcal/kg of AMEn was fed from 0 to 21 
d of age, and a common grower diet containing 19% CP and 3,125 kcal/kg of AMEn was 
fed from 21 to 42 d of age. Photoperiod consisted of 23 h of light and 1 h dark during the 
whole experiment. All animal procedures were approved by the Mississippi State 
University Institutional Animal Care and Use Committee. 
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Sample preparation 
At 42 d of age, 8 broilers from each experimental unit (total of 32 birds per 
treatment) were randomly selected for processing and whole breast and thigh were 
removed at 4 h postmortem. Broilers were hung by their feet in steel shackles and were 
electrically stunned by manually placing their heads in a saturated saline bath (11.5 V, 
<0.5 mA with alternating to direct current for 30 s). The shackles line speed was constant 
and set so that approximately 22 broilers were stunned per minute. Unilateral neck 
cutting was manually performed immediately after stunning, and bleeding lasted for 140 
s. Upon completion of exsanguination, the broilers were scalded at 53.3˚C for 191 s, 
picked for 35 s using a rotary drum picker (Baader-Johnson, Kansas City. KS), and then 
mechanically eviscerated. After evisceration, 3-5 carcasses from each treatment per 
replication (total of 64 samples) were selected for 15 min postmortem pH measurements 
(pH15) to evaluate pH decline after slaughter. After harvest, all broiler carcasses were 
chilled with static, ice water (0-2 ˚C) in metal (173 cm in length, 85 cm in width, and 
68.5 cm in depth) and rubber containers (142 cm in length, 81 cm in width, and 50.8 cm 
in depth). At 4 h postmortem, breast (boneless and skinless) and thigh (bone-in) muscles 
were manually deboned from the carcass. A total of 128 whole breast and thighs were 
placed into individually labeled Ziploc bags (Ziploc brand freezer bags, S.C. Johnson & 
Son Inc., Racine, WI), brought to the food science processing plant and cooled (2˚C) 
overnight. At 24 h postmortem, each whole breast was separated into right and left 
halves. Within these samples, 8 breast samples (left side of the carcass) per replicate unit 
(total of 128 breast samples) were evaluated for color and ultimate pH. Breast samples 
were then individually vacuum-packaged (Turbovac 320-ST-S, Inject Star of the 
Americas Inc., Brookfield, CT) in 15.2 × 20.3 cm, 3-mil vacuum pouches (75001815, 
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Rebel Butcher Supply Co. Inc., Flowood, MS) and frozen  at -23 ˚C (Zhuang et al., 2007; 
Corzo et al., 2009; Schilling et al., 2010)  until proximate analysis (thigh n=64; breast 
n=112), cook loss (n=96), and shear force determinations (n=96) could be performed. 
The breasts halves corresponding to the right side were bagged (4 breast per bag), 
vacuum-packaged (40.64 × 50.8 cm, 4 mil vacuum pouch; 75001987; Rebel Butcher 
Supply Co. Inc.), and frozen (-23 ˚C) until consumer  acceptability testing could be 
performed. Thigh meat samples were placed into labeled Ziploc bags (Ziploc brand 
freezer bags, S.C. Johnson & Son Inc., Racine, WI) and frozen (-23 ˚C) until proximate 
analysis could be performed. 
pH measurement  
Instrumental pH measurements were taken at 15 min postmortem (pH15), on 3 to 5 
breast fillets (left side) within each treatment and replication (n=64). A pH meter 
(Accumet Portable AP 6, Fisher Scientific) with a meat penetrating pH probe (Model 
05998-20, Cole Palmer) was inserted 2.5 cm below the pectoralis major muscle at 
approximately 2.5 cm from the top of the breast and 2.5 cm from the breast bone. At 24 h 
postmortem, ultimate pH (pH24) measurements (n=128) were taken for each sample using 
the same pH meter and probe in the same anatomical location as the pH15 measurements. 
Color measurements 
Instrumental color measurements were taken for 8 breast fillets (left side) within 
each replication (n= 128). Three measurements were taken on the ventral (top) side of the 
pectoralis major muscle and dorsal (bottom) side of each breast fillet using a 
chromameter (C 8202489, Chromameter Model CR-400, Konica Minolta). Color for each 
sample was expressed in terms of CIE values for lightness (L*), redness (a*), and 
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yellowness (b*). Additionally, a standard Minolta calibration plate (White calibration 
plate, No. 18433006) was used to calibrate the Chromameter prior to testing. 
Cook loss 
Cook loss was determined by cooking 6 breast fillets from each experimental unit 
(n=96). Prior to cooking the frozen samples were thawed at 2˚C overnight. Raw weights 
were taken on each breast fillet. Breast fillets were baked at 177˚C in an oven 
(JBP25DOJ2WH, General Electric, Louisville, KY) to a final internal temperature of 
77˚C. Internal chicken breast temperatures were assessed using meat thermometers 
(78631, Farberware, Westbury, NY) by inserting the thermometers in the thickest portion 
of each breast sample. Cooked breast fillets were removed and cooled to ambient 
temperature, and residual moisture was removed from each fillet with a paper towel prior 
to reweighing. Cooking loss was reported as a percentage and calculated as follows:  
% cook loss = (raw weight - cooked weight) / raw weight × 100 
Instrumental shear force analysis 
Tenderness was assessed following a procedure that was similar to those 
described by Meek et al. (2000), Jaturasitha et al. (2008), Corzo et al. (2009), and 
Schilling et al. (2010).  Breast fillets that were used for cooking loss determinations were 
used for shear force determinations. Six adjacent 1 cm (width) × 1 cm (thickness) × 2 cm 
(length) strips were cut from the cooked breast fillets, parallel to the direction of the 
muscle fibers. Each strip was sheared once and the mean was calculated for each breast. 
Samples were sheared perpendicular to the muscle fiber using a Warner-Bratzler Shear 
(WBS) attachment that was previously attached to an Instron Universal Testing Machine 
(Model 3300, Instron, Norwood, MA, USA) using a 50-kg load transducer and a cross 
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speed of 200 mm/min. Shear force (N) was reported as the highest peak in the 
texturegram. 
Proximate Analysis 
Four thigh meat samples and four breast meat samples from each replicate unit 
(n= 64 ) were used to measure fat, protein, and moisture percentage using a near-infrared 
spectrometer (Food Scan Lab Analyzer Model 78800, Foss Analytical, Eden Prairie, MN) 
that is AOAC- approved (AOAC-2007). Fresh samples were ground with a meat grinder 
(Cabelas PRO 450, Sidney, NE) that was fitted with a 3-mm (1/8 in) grinder plate. 
Ground samples were packed tightly in a 140-mm sample cup prior to analysis. 
Sensory evaluation 
A triangle test (n=60) was performed to determine if consumers could perceive a 
difference between chicken breast meat from male broilers from the different genetic 
strains. Chicken breast, which were previously frozen (< -23 ˚C), were thawed at 2 ˚C for 
24 h before sensory testing and placed on broiler pans for even distribution of heat during 
cooking. Thermocouples (UWTR, Omega Engineering) were inserted in the thickest 
portion of each breast sample and baked to an internal temperature of 77 ˚C. Baked breast 
were cooled at room temperature for 15 min, cut into 2.5 × 2.5 × 2.5 cm cubes, and kept 
warm (60 to 70 ˚C) for no more than 30 min in 8-quart chafer dishes (53042, Polarware 
Co., Kiel, WI) until panelist evaluated the samples. Random 3-digit numbers were 
assigned to identify the samples. Water and unsalted crackers were provided, and 
panelists were asked to expectorate and rinse their mouths between each sample. Each 
panelist received 3 containers of chicken breast for every session, in which two were the 
same treatment and one was different. The presentation order of the 3 samples was 
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randomized for each panelist to account for bias. Panelists were asked to choose the 
sample that was different from other 2 samples. Panelists evaluated chicken breast 
samples in separate booths in a well ventilated and temperature controlled room under 
fluorescent lighting. Panelists were provided with water (Mountain Spring Water, Blue 
Ridge, GA), unsalted crackers (Premium, Nabisco, NJ) and expectorant cups (to remove 
residual flavors in between sample evaluation). 
Since consumers could perceive differences between breast meat from the 2 
strains of broilers, two consumer-based sensory panels (n=60 panelist per replication) 
were conducted to evaluate the acceptability of chicken breast meat from male broilers 
from the 2 different strains. Each panel consisted of students, staff, and faculty at 
Mississippi State University, and panelist varied from replication to replication. Chicken 
breast samples were prepared identical to the methods used for the triangle test. Random 
3-digit numbers were assigned to identify the samples. Sample order was randomized to 
account for sampling order bias. Each panelist was asked to evaluate 2 coded chicken 
samples, 1 sample from male broilers of each strain (A, B) for appearance, aroma, 
texture, flavor, and overall acceptability using a 9-point hedonic scale, in which 1 = 
dislike extremely, 5 = neither like or dislike, and 9 = like extremely (Meilgaard et al., 
2007). 
Statistical analysis 
The study followed a randomized complete block design, where each floor pen 
was the experimental unit, and floor pens were blocked by area of the broiler house.  A 
factorial arrangement of treatments (strain × sex) was used to test the effect of strain and 
sex on pH15, pH24 , color, cooking loss, shear force, and proximate analysis of broiler 
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breast and thigh meat (SAS version 9.2, SAS Institute, Cary, NC). When significant 
differences (P<0.05) existed among treatments, the Fisher’s protected least significant 
difference test was used to separate treatment means. In addition a randomized complete 
block design (replication as blocks) with 2 replications, was used to test the treatment 
effects (P<0.05) of strain on the texture, aroma, flavor and overall acceptability 
(Meilgaard et al., 2007). Fisher’s least protected significant difference test was used to 
separate treatment means. 
Results and discussion 
Life performance and carcass traits 
There were no interactions between strain and gender for any of the growth 
performance and carcass parameters evaluated. Male and female broilers slaughtered at 
42 d of age were significantly different with respect to live body weight (Table 3.1). As 
expected, the male broilers were heavier (P < 0.05) than females. Differences in growth 
performance, body weight and breast yields among sex were in agreement with those 
previously documented (Young et al., 2001; Kidd et al., 2005). There were no differences 
between the two strains evaluated with respect to live body weight (Table 3.1). Mehaffey 
et al (2006), evaluated five of the most commonly used strains by the poultry industry, 
and showed that at 6 wk of age most of the strains had no significant differences among 
them with respect to body weight and reported a body weight in the range of 2.0-2.2 kg. 
These results contrast with the outputs of our study where average means of body weight 
were around 2.4 kg, perhaps elucidating the impact of genetic selection on carcass growth 
over the past four years (Table 3.1). Bird live body weight uniformity was calculated for 
each pen and there were no differences (P > 0.05) due to strain or sex.  
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Carcass and breast weight was measured at 42 d of age and significant differences 
were observed due to sex. As expected, male broilers had heavier carcass and breast 
weight compared to female broilers. Effects of strain and sex were observed in dressing 
percentage and boneless-skinless breast yield. As expected, male broilers had a lower 
dressing percentage when compared to females (Kidd et al., 2005). Broilers from strain B 
showed a higher (P < 0.05) dressing percentage and boneless-skinless breast yield than 
strain A. While strains did not differ in live weight, strain B broilers had a significantly 
higher dressing percentage and breast meat yield, thus exemplifying the differences 
between strains in terms of yields. 
pH and color 
After harvesting, post mortem glycolysis is activated and accumulation of lactic 
acid in the muscle is increased which results in a decline in pH. This pH value is one of 
the important parameters for quality profiling of meat (El Rammouz et al., 2004). A 
dramatic pH decline is associated with protein denaturation and can negatively affect 
meat quality attributes by causing pale color, low water holding capacity, and soft texture 
(Mehaffey et al., 2006; Schilling et al., 2008). No significant strain or sex effects were 
observed in muscle pH15 (Table 3.2). On average there were no treatments with pH15 
values lower than 6.0 (Schilling et al., 2008), suggesting that there were no protein 
denaturation issues within strain or sex. Previous studies have reported that lower pH 
(5.7) at 24 h post mortem indicates poor meat quality, that is characterized by protein 
damage, lighter meat color, and reduced water holding capacity, all of those being typical 
characteristics of PSE (pale, soft, and exudative) meat (Van Laack et al., 2000). At 24 h 
post mortem, the pH values on breast meat between sex, showed female broilers having a 
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lower pH24 (5.87). All treatments presented pH24 values between 5.87 and 5.94 and no 
individual breast samples had breast meat with pH24 values below to 5.7. Values of pH 
obtained in this study are comparable with those reported in previous studies on different 
broiler strains (Van Laack et al., 2000; Schilling et al., 2008; Corzo et al., 2009). 
The normal color of the surface of raw broiler meat is bright red-pink in the 
aerobic environment due to the presence of oxymyoglobin (Mancini and Hunt, 2005). 
Generally raw broiler breast meat appears to have a pink color, which is a desirable 
characteristic of the consumer. The color of meat can be affected by different factor such 
as heme pigments, strain, sex, moisture content, physical state of the protein, and stress 
among others (Le Bihan-Duval et al., 1999; Mehaffey et al., 2006; Jaturasitha et al., 
2008). There were no sex or strain effects observed for color measurements from the 
dorsal side of the breast meat fillet (CIE L*, a*, or b*) (Table 3.2). Conversely, no strain 
effects were observed from the ventral side, but females broilers exhibited a higher b* 
value than males (yellowness) (Table 3.2). Female broilers showing lower pH (5.87) 
showed L* values that ranged from 53 to 56, on the dorsal and ventral side of the fillet, 
respectively. Previous researchers have reported a similar relationship between lower pH 
values and color, where L* values were used as an indicator of PSE condition on the 
meat (Owens et al., 2000; Van Laack et al., 2000; Zhuang and Savage, 2010). Overall, 
the mean pH and L* values for all the treatments in this study ranged from 5.8 to 6.0 and 
53 to 56, respectively, which fall in the range of normal pH and L* values for broiler 
breast meat (Van Laack et al., 2000).  
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Cooking loss, shear force, and proximate analysis 
Cooking loss is an indicator of water holding capacity (WHC), which is an 
important attribute of meat due to its relationship with other attributes that can critically 
affect meat quality. Mehaffey et al. (2006) noticed fewer WHC variations, from 
minimally aged broiler breast meat from different strains when they evaluated cook loss 
and drip loss. In this study there were no effects of strain and sex (Table 3.2) on cooking 
loss of broiler breast meat from broilers that were slaughtered at 42 d of age, which 
suggest that WHC was not affected.  
Similarly, no differences existed for strain or sex for mean shear force (Table 3.2). 
All shear force values (means and individual breasts) were lower than 30 N, suggesting 
that samples were sufficiently tender and therefore would be highly accepted by 
consumers (Owens et al., 2000; Schilling et al., 2003; Corzo et al., 2009). In addition, 
strain or sex had no effects for proximate analysis of breast and thigh meat (Table 3.3), 
thus suggesting similar composition of these at the skeletal muscles level. 
Sensory evaluation 
For the triangle test, flavor/texture sensory differences (P < 0.05) existed between 
breast meat from the 2 broiler strain treatments. Twenty-seven out of 60 people (45%) 
chose the correct sample, which is a greater probability than 1/3 (33.3%), the probability 
of randomly guessing which chicken breast sample is different. This is evidence to 
demonstrate that consumers could potentially determine sensory differences between 
breast meat samples. Therefore, consumer acceptability testing was conducted for 
subsequent replications to determine if potential sensory differences would impact 
consumer acceptability.  
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With respect to consumer acceptability, there were minimal differences among 
the two male strains. The broilers from strain B had higher acceptability ratings (P < 
0.05) with regards to aroma, which was in the range of “like slightly” to “like 
moderately” on the 9- point hedonic scale (Table 3.4). In addition, no differences (P > 
0.05) were observed between the two strain crosses for appearance, texture, flavor, and 
overall acceptability. These results are similar to those reported in other studies (Corzo et 
al., 2009; Schilling et al., 2010). Average scores for texture were in agreement with the 
lack of difference between treatments with respect to shear force values. Acceptability 
scores from strain A and strain B were close to those reported by Corzo et al., (2009). 
These researchers previously reported that baked breast meat from broilers that were fed 
control diets and diets with a percentage of DDGS had acceptability scores between like 
slightly and like moderately. In addition, lack of differences in acceptability among 
treatments indicates that potential sensory differences that were indicated by triangle test 
will not impact product acceptability. 
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Table 3.1 Effects of strain cross and gender on growth and carcass traits at 42 d of age 
Treatment 
 
LiveBW 
(kg) 
BW uniformity 
(%)2 
Breast 
(g) 
Breast 
(%) 
Carcass 
(kg) 
Dressing 
(%) 
Strain A 2.428 7.7 474 19.55b 1.602 65.97b 
Strain B 2.402 7.7 508 21.09a 1.641 68.24a 
Pooled SEM 0.0487 0.66 14.61 0.234 0.0360 0.202 
       
Males 2.615a 7.1 523a 19.94b 1.747a 66.76b 
Females 2.215b 8.3 459b 20.69a 1.496b 67.45a 
Pooled SEM 0.0487 0.66 14.61 0.234 0.0360 0.202 
       
P – value       
Sex  <0.0001 0.22 0.009 0.04 0.0004 0.03 
Strain 0.72 0.97 0.13 0.0006 0.46 <0.0001 
Sex × Strain  0.71 0.91 0.44 0.27 0.71 0.93 
a-bMeans with different superscript within each column are significantly different (P < 0.05). 
1n= 128 
2Values represent the coefficient of variation (%) 
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Table 3.2 pH (15 min and 24 h), color, cooking loss, and shear force values varying in strain cross and gender at 42 d of age 1 
Treatment 
 
pH 
(15 min) 
pH 
(24 h) 
 
L*2 
 
a*2 
 
b*2 
 
L*3 
 
a*3 
 
b*3 
Cooking 
loss (%) 
Shear  
Force (N) 
Strain A 6.18 5.91 53.2 2.0 4.8 54.8 1.8 3.00 22.1 21.2 
Strain B 6.24 5.89 53.8 2.2 4.7 56.0 2.1 2.9 22.7 20.8 
Pooled SEM 0.035 0.011 0.58 0.11 0.22 0.72 0.13 0.34 0.57 0.91 
           
Males 6.21 5.94a 53.0 2.1 4.5 55.0 2.2 2.30b 22.2 20.6 
Females 6.20 5.87b 53.9 2.1 5.1 55.8 1.8 3.55a 22.7 21.4 
Pooled SEM 0.035 0.011 0.58 0.11 0.22 0.72 0.13 0.34 0.57 0.91 
           
P – value           
Sex  0.93 0.002 0.30 0.73 0.07 0.48 0.06 0.03 0.56 0.53 
Strain 0.25 0.24 0.45 0.27 0.76 0.24 0.19 0.91 0.43 0.79 
Sex × Strain  0.47 0.95 0.18 0.64 0.08 0.60 0.56 0.34 0.26 0.21 
a-bMeans with different superscript within each comparison are significantly different (P < 0.05). 
1Color measurements and pH(24h) had an n= 128, pH(15 min) had an n= 64, cooking loss and shear force had an n= 96 
2CIEL values from the dorsal side of the pectoralis major muscle  
3CIEL values from the ventral side of the pectoralis major muscle  
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Table 3.3 Proximate compositions of thigh and breast meat varying in strain cross and gender at 42 d of age 1 
 
Treatment 
                               Thigh 
 
                               Breast 
 
Fat (%) Protein (%) Moisture 
(%) 
Fat (%) Protein (%) Moisture 
(%) 
Strain A 5.20 19.4 73.5 1.18 22.8 74.0 
Strain B 5.47 19.3 73.3 1.13 23.0 74.1 
Pooled 
SEM 
0.279 0.093 0.233 0.194 0.171 0.175 
       
Males 5.30 19.38 73.4 1.19 22.8 74.1 
Females 5.37 19.30 73.4 1.25 23.0 74.1 
Pooled 
SEM 
0.279 0.093 0.233 0.194 0.171 0.175 
       
P – value       
Sex  0.85 0.52 0.87 0.81 0.33 0.98 
Strain 0.51 0.39 0.59 0.86 0.44 0.71 
Sex × 
Strain  
0.89 0.96 0.74 0.97 0.68 0.64 
1n= 64 
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Table 3.4 Consumer acceptability of chicken breast meal from male broilers varying 
in strain cross at 42 d of age 1 
Treatment Appearance 
acceptability 
Aroma 
acceptability
Texture 
acceptability
Flavor 
acceptability
Overall  
acceptability 
Strain A 7.0 6.7b 7.0 6.7 6.8 
Strain B 7.1 6.9a 7.1 6.8 7.0 
      
Pooled SEM  0.047 0.006 0.24 0.24 0.15 
P-value 0.22 0.04 0.87 0.92 0.72 
a-bMeans with different superscript within each column are significantly different (P < 
0.05). 
1 Hedonic scale was based on a 9-point scale: 1= dislike extremely, 5= neither like or 
dislike, 9= like extremely; n= 120 
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CHAPTER IV 
THE EFFECT OF SODIUM CHLORIDE CONCENTRATIONS ON THE YIELDS, 
QUALITY AND SENSORY ACCEPTABILITY OF VACUUM-TUMBLED, 
MARINATED BROILER BREAST FILLETS 
Abstract 
The objective of this experiment was to determine the effect of salt concentration 
on yields, instrumental quality, and sensory acceptability of broiler breast meat. Chicken 
breast meat was vacuum tumbled with a 15% solution (over green weight). Different 
concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50%) of NaCl (salt) and 0.35% 
sodium tripolyphosphate were included in the marinade solution. After marination, breast 
fillets were evaluated for marination yields, pH, surface color, cooking loss, tenderness, 
expressible moisture, proximate composition, purge loss, sodium content and sensory 
acceptability. As salt concentration increased, CIE L* decreased linearly, with a 
concentration of 0.75 % showing an improvement (P < 0.05) in CIE L*when compared to 
the control, 0, and 0.25 % NaCl treatments. In addition, there was a linear and quadratic 
decrease (P < 0.05) in shear force as salt concentration increased with no further 
improvements (P < 0.05) when greater than 0.75 % NaCl was used. Cooking loss 
decreased (P < 0.05) linearly as the salt concentration increased to 1.0 %. On average, all 
marinated samples were liked more (P < 0.05) than the control treatment, and all 
treatments marinated with at least 0.50 % sodium chloride had an average rating of like 
moderately. Cluster analysis indicated that consumer groups varied in their preference of 
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broiler breast meat treatments and that samples that were marinated with between 0.5 to 
1.0 % NaCl were highly acceptable to the majority of consumers. Results indicate that 
0.5-1.0 % NaCl could be used to effectively marinate broiler breast meat depending on 
product application and desired attributes. 
Introduction 
From 2000-2008, the per capita consumption of retail poultry meat has increased 
from 35.2 kg (77.4 lb) to 38.1kg (83.9 lb) in the United States (ERS/USDA, 2010), and 
breast meat is currently considered the most valuable component of the broiler carcass 
(Saha et al., 2009a). Many processors are interested in maximizing water content in their 
products with the aim of improving quality, and maintaining uniformity of their products 
while improving profitability. Broiler breast meat is commonly marinated with salt and 
phosphate to increase yields and ensure that the meat is tender and juicy regardless of 
how the consumer prepares and cooks the product (Lyon et al., 2005; Alvarado and 
McKee, 2007; Saha et al., 2009a). However, with the impetus to reduce sodium in the 
diet, there is a need to minimize salt percentage (Ruusunen and Puolanne, 2005; 
Desmond, 2006), while still effectively increasing yields and producing tender and juicy 
meat. 
Salt is a natural flavor enhancer, which improves taste and aroma of meat 
products (Schilling et al., 2008). The action of salt and phosphates in a marinade solution 
is likely due to the contribution of negative charges to the myofibrillar (actin and myosin, 
actomyosin) proteins in the muscle due to the chloride ion in salt (Offer and Trinick, 
1983; Smith and Young, 2005), which are the most important proteins associated with 
meat quality and WHC. Various researchers have reported that the use of phosphates in 
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combination with salt (NaCl) improve yields in whole muscle, comminuted, and 
restructured products (Cannon et al., 1993; Sutton et al., 1997; Young and Lyon, 1997; 
Baublits et al., 2006; Kin et al., 2009). Previous researchers have studied the importance 
of phosphate type and concentration, with or without sodium chloride inclusion, on 
chicken meat quality and sensory characteristics (Xiong and Kupski, 1999a, Xiong and 
Kupski, 1999b). These researchers reported that phosphate works synergistically with salt 
to improve yields in poultry meat. Saha et al. (2009a), reported increased consumer 
acceptance in breast fillets that were enhanced with various sodium chloride 
concentrations and a phosphate concentration of 0.45%.These authors reported that 
greater than 80% of consumers liked (hedonic scale ≥ 6) the texture of the marinated 
fillets, which was in agreement with instrumental analysis that indicated a decrease in 
shear force as sodium chloride concentration was increased in the marinade solution.  
Previous studies have provided valuable information pertaining to marination 
with salts and phosphates with respect to sensory quality. However, there is a need to 
observe the performance of specific phosphate products and its effect in combination 
with various sodium chloride concentrations in order to determine the sodium chloride 
threshold that will optimize, the enhancement of flavor, tenderness, yields and consumer 
acceptability of muscle foods including poultry breast meat. Therefore, the objective of 
this study was to determine the effect of various sodium chloride concentrations in 
combination with STPnew on the quality and sensory acceptability of marinated broiler 
breast fillets as well as to determine the minimum amount of salt that could be used to 
produce commercial chicken breast meat that is acceptable to consumers. 
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Materials and methods 
Marination process 
Broiler breast meat was obtained posterior to deboning (4 h postmortem) from a 
commercial poultry processing plant on the day of harvest and stored on ice in coolers 
until arrival at the Mississippi State University meat laboratory. Samples were then stored 
at 2ºC and processed within 24 h. Marination treatments consisted of 11.3 kg batches of 
broiler breast meat that were vacuum tumbled (20 mm Hg; 18 rpm) for 30 min in a cooler 
at 2ºC with a 15% marinade solution (based on meat weight). Marinade formulations 
included various concentrations of NaCl (salt), 0.35% STPnew (finished product basis), 
and water. The salt concentrations were 0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50% on a 
finished product basis. The control group (no ingredients) was not marinated with salt or 
phosphate, and the order of tumbling (treatment production) was randomly determined. 
After marination, fillets were either placed on polyethylene trays (PLS3-100Y, Cryovac®, 
Duncan, SC, USA) and overwrapped with stretch film (SD-310, O2 transmission rate = 
13,500 cc/day/m2/atm, water vapor transmission rate = 38.6 cc/m2/day, Cryovac®, 
Duncan, SC, USA) or vacuum packaged (super L bag, Cryovac®, Duncan, SC, USA) and 
stored at 2ºC and -23ºC respectively, for further evaluation. This experiment was 
replicated in triplicate. Each replication was performed in subsequent months. 
Solution pick-up 
After vacuum-tumbling, broiler breast meat was removed from the tumbler and 
reweighed. Solution pick up was recorded as the difference in weight of the chicken 
breast meat before and after tumbling, reported as a percentage and calculated as follows: 
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[(Chicken breast meat after tumbling) - (chicken breast meat weight before tumbling) / 
(chicken breast meat weight before tumbling)] × 100 
pH 
Instrumental pH measurements were taken 24 h after marination on 12 breast 
fillets within each treatment for each replication by using a pH meter (Accumet Portable 
AP 6, Fisher Scientific) with a meat penetrating pH probe (Model 05998-20, Cole 
Palmer). The meat penetrating probe was inserted 2.5 cm below the pectoralis major 
muscle at approximately 2.5 cm from the top of the breast and 2.5 cm from the breast 
bone. 
Instrumental color 
Instrumental color measurements were taken for the same 12 breast fillets that 
were used for pH measurements. Three measurements were taken on the top side of each 
breast fillet using a chroma meter (Chromameter Model CR-400, Konica Minolta, Osaka, 
Japan), that was calibrated prior to testing with a standard Minolta calibration plate 
(White calibration plate, No. 18433006). Color values for each sample were expressed 
using the CIE scale for lightness (L*), redness (a*), and yellowness (b*). 
Cooking loss 
Cooking loss was determined by cooking 12 breast fillets within each treatment 
for each replication. Prior to cooking, the frozen (-23˚C) samples were thawed at 2˚C 
overnight. Breast fillets were baked in an oven at 177˚C (JBP25DOJ2WH, General 
Electric, Louisville, KY) to a final internal temperature of 77˚C. The internal 
temperatures of chicken breast fillets were determined using meat thermometers (78631, 
Farberware, Westbury, NY) that were inserted in the thickest portion of each breast 
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sample. Cooked breast fillets were removed and cooled to ambient temperature, and 
residual moisture was removed from each fillet with a paper towel prior to reweighing. 
Cooking loss was reported as a percentage and calculated as follows:  
% cook loss = [(raw weight - cooked weight) / (raw weight)] × 100 
Tenderness 
Breast fillets that were used for cooking loss determinations were used for shear 
force determinations (n=12 for each treatment within each replication). Six adjacent 1 cm 
(width) × 1 cm (thickness) × 2 cm (length) strips were cut from the cooked breast fillets, 
parallel to the direction of the muscle fibers. Each strip was sheared once and the mean 
was calculated for each breast. Samples were sheared perpendicular to the muscle fibers 
using a Warner-Bratzler Shear (WBS) apparatus that was attached to an Instron Universal 
Testing Machine (Model 3300, Instron, Norwood, MA, USA) using a 50-kg load 
transducer and a cross speed of 200 mm/min. Shear force (N) was reported as the 
maximum peak force required to shear through each sample. 
Expressible moisture 
Eight breast fillets from each treatment were cooked using the same method 
described for cooking loss, and cooled to ambient temperature. After cooling, two 2 cm 
cubes were cut from each fillet. Cubes were individually weighed prior to evaluation and 
then transferred between filter paper (Whatman #1, 12.5 cm diameter), with two pieces of 
filter paper applied on both the top and bottom of the samples to absorb expressed 
moisture. Cubes were compressed at a cross speed of 200 mm/min to 75% deformation 
and held for 15 s using an Instron Universal Testing Machine (Model 3300, Instron, 
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Norwood, MA, USA). After removing the force, the cubes were reweighed. Expressible 
moisture was reported as a percentage:  
[(initial wt. - final wt.) / initial wt.] ×100 
Proximate analysis 
Three breast meat samples within each treatment and replication were used to 
determine fat, protein, and moisture percentage using a near-infrared spectrometer (Food 
Scan Lab Analyzer Model 78800, Foss Analytical, Eden Prairie, MN) that is AOAC 
approved (AOAC, 2007). Fresh samples were ground (Cabelas PRO 450, Sidney, NE) 
and fitted in a 3-mm (1/8 in) grinder plate. Ground samples were packed tightly in a 140-
mm sample cup prior to analysis. 
Sodium content analysis 
Samples from each treatment (n=1 per treatment, for each replication) were 
collected and ground (Cabelas PRO 450, Sidney, NE). The samples were vacuum 
packaged (Turbovac 320-ST-S, HFE Vacuum System, Hertogenbosch, Netherlands; 
Super L bag, Cryovac®, Duncan, SC, USA), frozen (-23˚C) and sent to the Mississippi 
State Chemical Laboratory. The meat samples were ashed (AOAC 39.1.09, 32.1.05, and 
923.03 Official Method) and then dissolved in HCl and distilled water. Sodium 
concentration was determined using Ion Exchange Chromatography (Dionex ICS/2100, 
Ion Chromatography, IonPac® CS 16 Column). 
Sensory evaluation 
Three consumer-based sensory panels (n=60 panelists per replication) were 
conducted to evaluate the acceptability of broiler breast meat that was marinated with 
different salt concentrations. The control, 0.25, 0.5, 0.75, 1.0, and 1.25 % NaCl 
 
44 
treatments were chosen for sensory analysis since consumers should taste no more than 6 
samples due to panelist fatigue, and these six treatments are the ones that would most 
likely be sold commercially. Broiler breast meat samples, which were previously frozen 
(< -23˚C), were thawed at 2˚C for 24 h before sensory testing and placed on broiler pans. 
Meat thermometers were inserted in the thickest portion of each breast sample and baked 
in an oven at 177˚C (JBP25DOJ2WH, General Electric, Louisville, KY) to an internal 
temperature of 77˚C. Baked breasts were cooled at room temperature for 15 min, cut into 
2.5 × 2.5 × 2.5 cm cubes, and kept warm (60 to 70˚C) in 7.6 L chafer dishes (53042, 
Polarware Co., Kiel, WI) until panelists evaluated the samples. Random 3-digit numbers 
were assigned to identify the samples, and sample order was randomized to account for 
sampling order bias. Water and unsalted crackers were provided, and panelists were 
asked to expectorate and rinse their mouths between each sample. Each panelist was 
asked to evaluate 6 coded chicken samples for appearance, aroma, texture, flavor, and 
overall acceptability using a 9-point hedonic scale, in which 1 = dislike extremely, 5 = 
neither like nor dislike, and 9 = like extremely (Meilgaard et al., 2007). 
Statistical analysis 
A randomized complete block design (replications as blocks) with 3 replications 
was used to test the effect of salt concentration in combination with STPnew on chicken 
breast meat quality characteristics and sensory acceptability (SAS version 9.2, SAS 
Institute, Cary, NC). When significant differences occurred (P < 0.05) among treatments, 
the Duncan’s multiple range test was used to separate treatment means. In addition, 
agglomerative hierarchical clustering using Ward’s method (XL Stat 2006, Addinsoft 
USA, New York, NY) was performed to group panelists together based on their 
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preference and liking of chicken breast meat. A dendrogram and dissimilarity plot was 
used to determine the number of clusters that should be used to group panelists together. 
Randomized complete block designs were used to differentiate (P < 0.05) among 
treatments within each cluster. When significant differences occurred (P < 0.05) among 
treatments, the Duncan’s multiple range test was used to separate treatment means within 
each consumer cluster. 
Results and discussion 
Solution pick-up 
No differences existed (P > 0.05) among treatments with respect to marinade 
pick-up percentage (12.1 to 12.5%). Kin et al. (2009) studied the effect of phosphate type 
on the quality of vacuum-tumbled catfish fillets. These researchers reported that marinade 
pick-up was predominantly dependent upon pH and that the lack of differences among 
treatments may have occurred due to the elevated pH of the catfish fillets prior to 
marination. In the current study, pH values were approximately 5.8 in marinated and non-
marinated broiler breast meat (Table 4.1). Lack of differences in pH are likely one reason 
that marinade pick-up percentage did not differ among treatments, especially since only 
15 % water was added to the product. Therefore, results indicate that use of 0.25 to 1.5 % 
NaCl could be used in vacuum tumble marination without impacting marinade pick-up 
with a 15 % marinade solution. 
pH 
There were no differences in pH among chicken breast fillets (P > 0.05) that were 
enhanced with varying salt concentrations. Conventionally, commercial marinade 
solutions that consist of water, salt, and phosphates have been used to improve meat 
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quality characteristics, including pH. In the current study, the pH values of the control 
and enhanced chicken breast fillets were in the range of 5.79 to 5.89 (Table 4.1). The 
results of our study were similar to those reported by Woelfel and Sams (2001) when 
marination solutions of pH 9 and pH 11 where used. In their study, pH values were 5.80 
and 5.84 prior to marination and 5.83 and 5.88 after marination. In addition, these results 
were fairly similar to pH values (5.9) that have been reported by researchers as 
characteristic of normal chicken breast meat at 24 h postmortem (Van Laack et al., 2000; 
Bianchi et al., 2005). Therefore, the pH values prior to marination and the small 
percentage of phosphate that was added in the brine solution may minimize the pH effect 
of phosphate and explain the lack of difference in pH between the control and marination 
treatments. 
Instrumental color 
In the current study lightness (CIE L*) decreased linearly (P < 0.05) when salt 
concentration increased in the marinade solution. The decrease in lightness in this 
experiment may be explained by the increase in ionic strength which improves the ability 
of the muscle proteins to bind water. By binding more water, there is less water to reflect 
light resulting in less visual lightness of the muscle (Miller, 1998). Additionally, lightness 
mean values from chicken breast meat at 24 h after marination were between 51.3 and 
58.0 which indicate that quality problems were not present in the meat (Van Laack et al., 
2000). Moreover, marination with 0.75% NaCl had a significant improvement in CIE L* 
(P < 0.05) when compared to the control, and the linear decrease in CIE L* continued all 
the way to 1.5 % NaCl. This indicates that at least 0.75 % NaCl is needed to improve 
broiler breast color when marinating in a vacuum tumbling system. Raw chicken breast 
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fillets from all treatments did not differ (P >0.05) with respect to color values of redness 
(CIE a*) (Table 4.1). In this study the lack of differences in redness may have occurred 
due to the minimal differences in pH (Table 4.1). The major contributor to poultry meat 
color is myoglobin content, and its heme-iron concentrations and reactions are associated 
with pH (Kieffer et al., 2000). In addition, muscle pH affects WHC of the proteins and 
therefore it light reflecting properties. Yellowness (CIE b*) was lower (P < 0.05) in the 
marinated treatments when compared to the control but minimal practical differences 
existed in CIE b* between marination treatments with average values ranging from 5.5 to 
6.7. 
Cooking loss 
Cooking loss decreased linearly (P < 0.05) as NaCl concentration increased from 
0 to 1.0% (Table 4.2), and no differences existed (P > 0.05) between broiler breast 
samples that were marinated with 1.0, 1.25, and 1.5% NaCl. This demonstrates that 
increasing salt concentration up to 1.0% helped the chicken breast retain moisture during 
the cooking process. In addition, the 0.35% STP treatment with 0% NaCl had greater (P 
< 0.05) cooking loss than the control treatment. This is likely due to the inability of the 
STP to hold additional water introduced during marination when compared to the non-
marinated control with no additional water added (Table 4.2). Previous researchers have 
reported decreased cooking loss in marinated chicken breast fillets. Young and Lyon 
(1997) reported cook loss values between 13.8% for a salt marinated control (1.5 %) and 
9.7% for a salt and phosphate marinated fillet (1.5% NaCl and 0.4% STP), while Carroll 
et al. (2007) reported 14.1% cook loss after marination with 1.5% NaCl and 0.45% STP. 
Moreover, all marinated treatments in this experiment improved cooking yield based on 
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green weight when compared to the control. As salt concentration increased from 0 to 
0.75%, there was a linear increase in cook yields (Table 4.2), and no differences existed 
(P > 0.05) in cooking yields between broiler breast fillets that were marinated with 0.75, 
1.0, 1.25, and 1.5% NaCl. It can therefore be concluded that 0.75% NaCl in combination 
with 0.35% STP is sufficient to increase yields of broiler breast fillets through vacuum-
tumbling. However, even though no difference existed (P > 0.05) between the 0.75 and 
1.0 % NaCl treatments, marination with 1.0 % NaCl had 2.0 % greater yield than the 0.75 
% NaCl treatment. This indicated that the use of 1.0 % salt minimizes cooking loss, thus 
making it a desirable formulation in pre-cooked food service products since it would 
maximize yields. 
Tenderness 
Shear force decreased (P < 0.05) in broiler breast meat as NaCl increased from 0 
to 0.75 % (Table 4.2), but did not differ among treatments as NaCl concentration 
increased from 0.75-1.5 %, thus demonstrating a significant linear and quadratic trend (P 
< 0 .05). In addition, broiler breast meat that was marinated with various salt 
concentrations in combination with STP had lower (P < 0.05) shear force values when 
compared to the control. Previous studies have indicated that marination with salt and 
STP effectively tenderizes broiler meat and produces a consistent product (Young and 
Lyon, 1997; Saha et al., 2009a). The results obtained from this study are similar to 
previous research by Saha et al. (2009a). These researchers reported that marinades 
consisting of 0.50, 0.75, 1.00 and 1.25% NaCl, in combination with 0.45% STP increased 
the tenderness of broilers breast fillets, with MORSE (Meullenet-Owens Razor Shear 
analysis) values decreasing as salt concentration increased. This occurred because the 
 
49 
addition of salt (NaCl-) contributes to an increase in ion strength due the interaction of Cl- 
ions with the positively charged myosin molecules, inducing swelling of the proteins and 
therefore an improvement on their water binding ability and texture (Offer and Trinick 
1983; Miller, 1998; Rongrong et al., 2000). Furthermore, shear force mean values for all 
the treatments were in the range of 12.1 to 17.9 N. Since all marinated samples were 
sufficiently tender, all samples would be highly acceptable to consumers with respect to 
tenderness (Schilling et al., 2003). 
Expressible moisture 
Expressible moisture measure is defined as the release of free water from a 
protein system after the application of force (Parks et al., 2000). Values for expressible 
moisture in this study, ranged between 10.6 and 14.8%. Previous research has indicated 
that tumbling marination without vacuum but with moderately high salt and phosphate 
concentrations resulted in higher moisture retention of broiler breast fillets after 24 h 
when compared to the control treatment (Xiong and Kupski, 1999b). In this study, all 
chicken breast meat treated with salt and phosphate had less expressible moisture (P < 
0.05) than chicken breast from the non-marinated control group (Table 4.2). Regardless 
of the level of salt incorporated in the marinade solutions, all treatments exhibited similar 
expressible moisture values, indicating that the inclusion of phosphate and salt improved 
WHC, but that the amount of salt had minimal effects on the amount of free water in the 
product. However, there was a linear decrease (P < 0.05) in expressible moisture as NaCl 
concentration increased, and numerical values indicate that expressible moisture was 
consistent from 0.5 to 1.50 % NaCl. 
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Proximate composition 
No differences existed (P > 0.05) among treatments with respect to fat percentage.  
Protein percentage was less (P < 0.05) in the marinated products when compared to the 
control product, which is predominantly due to the 12 % pick-up of marinade in the 
product (Table 4.3). Similarly, moisture percentage was greater (P < 0.05) in the 
marinated products when compared to the control, with the exception of the 1.25 and 1.5 
% NaCl treatments. For the marinated treatments, protein percentage showed a slight 
linear decrease (P < 0.05) and NaCl percentage increased (P < 0.05) due to higher 
concentrations of sodium. In addition, when NaCl concentration increased past 0.5 %, 
moisture percentage began to decrease linearly, which is predominantly due to the 
increase in sodium in the product (Table 4.3). As expected, sodium content increased 
linearly (P < 0.05) as salt concentration increased with the 1.50% salt and STPnew 
treatment having the highest sodium content (6620.8 ppm) and the control containing the 
lowest amount of sodium (502.0 ppm) (Table 4.3). These concentrations are very close to 
the calculated sodium concentrations that should be present based on the percentages of 
NaCl and STP that were used in the marinade formulations. 
Sensory evaluation 
On average, marinated broiler breasts were preferred (P < 0.05) over non-
marinated control breasts with respect to aroma, texture, flavor, and overall acceptability 
(Table 4.4). On average, the scores from chicken breast meat that was marinated with 
NaCl (0.25, 0.50, 0.75, 1.00, and 1.25%) and STP were in the range of “like slightly” to 
“like moderately” while the non-marinated treatment (control) was in the range of 
“neither like or dislike” to “like slightly” for all attributes. Saha et al. (2009a) also 
reported greater consumer overall impression when chicken fillets where enhanced with 
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salt (0.5, 0.75, 1.0, and 1.25%) and phosphate in comparison with a non-enhanced control 
treatment. Results indicate that on average, marination with 0.5 % NaCl was effective at 
producing broiler breast meat with acceptable sensory properties. The results of this study 
agree with previous research that suggests that marination improves consumer perception 
of poultry meat tenderness and acceptability (Saha et al., 2009a). Sodium chloride is very 
important to both the taste and aroma of meat products. The sodium in salt binds to 
protein receptors to impart a salty taste and works synergistically with the food matrix to 
enhance sensory characteristics in meat (savory and meaty flavor). Additionally, salt is 
effective at releasing volatile aroma compounds from the food matrix due to the change 
in osmotic pressure which makes the volatile compounds less soluble within the food 
matrix (Schilling et al., 2008). In the current study, there were differences (P < 0.05) 
among treatments with respect to flavor acceptability. Samples from marinated chicken 
breast meat with salt and phosphate had higher acceptability when compared to control 
regardless of salt concentration. However, the samples corresponding to 0.75, 1.00, and 
1.25% salt concentrations had greater average flavor acceptability scores than all other 
treatments with the exception of the 0.50% NaCl treatment. In a previous study, Saha et 
al. (2009a) used hedonic and JAR (Just As Right) sensory scales to determine suitability 
of meat flavor, and reported that overall flavor JAR mean values increased with the 
increasing salt concentrations (0.5, 0.75, and 1.0%) which was in accordance with the 
hedonic 9-point scale distributions where the majority of the panelists liked (hedonic 
scale rating ≥ 6 or like slightly) samples that were marinated with 0.5, 0.75, and 1.0 NaCl 
when compared to the control. 
Cluster analysis was performed and a dissimilarity plot was used to group 
consumers into 6 clusters based on preference and liking of samples from each treatments 
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(Table 4.5). The largest cluster (1) consisted of 26.3% of the panelists, and all treatments 
were rated “like moderately to like very much” by these consumers with the exception of 
the control treatment. In addition, broiler breast meat from the 0.75, 1.0, and 1.25 % NaCl 
treatments were more acceptable (P < 0.05) than broiler breast meat from the 0.25 and 
0.5 % treatments. Cluster 2 (17.1%) had a high degree of liking (“like slightly” to “like 
very much”) for all treatments but preferred (P < 0.05) chicken breast meat that was 
enhanced with any salt concentration over the control treatment and preferred (P < 0.05) 
the 1.0% NaCl treatment over the 1.25 % NaCl treatment. Cluster 3 was the second 
largest (21.1%) cluster. These panelists liked all samples in the range of “like slightly” to 
“like moderately, but preferred (P < 0.05) chicken breast meat that was enhanced with 
0.50% NaCl over all other treatments, with the exception of the 0.75% and 1.25 % NaCl 
treatments. For cluster 4 (6.9%) and 6 (7.4%), treatment means were not separated due to 
a small number of panelists in each of these clusters. For cluster 4, the average 
acceptability score increased until 1.0 % NaCl was used, indicating that these panelists 
liked samples with salt, but did not like samples that were too salty (1.25% NaCl). 
Clusters 5 (12.6%) and 6 (7.4%) were very similar, with the exception that the control 
and 0.25 % NaCl treatments were liked more by cluster 6 panelists than cluster 5 
panelists. Panelists in both of these groups liked the 1.25% NaCl treatment more than all 
other treatments with the exception of the 1.0% NaCl treatment. This indicates that these 
2 clusters like samples with higher salt concentrations and that these panelists may be 
sensitive to small differences in flavor and/or saltiness. Cluster analysis also revealed the 
following information about the 91% of the panelists that liked the baked chicken breast 
samples served in the study. Approximately 50% of the panelists liked the control 
between like slightly and moderately and 50% of the panelists did not like the control.  
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For the 0.25% NaCl treatment, approximately 40% of the panelists liked this treatment at 
least like moderately and approximately 75% of the panelists liked this treatment slightly 
or better.  For the 0.5% treatment, approximately 70% of the panelists liked this treatment 
moderately or more and 100 % of the panelists liked this treatment at least slightly. For 
the 0.75% treatment, approximately 60% of the panelists liked this treatment moderately 
or more and 80% of the panelists liked this treatment at least slightly. For the 1.0% 
treatment, approximately 60% of the panelists liked this treatment moderately or more 
and 100% of the panelists liked this treatment at least slightly. For the 1.25% treatment, 
approximately 90% of the panelists liked this treatment moderately or more and 100% of 
the panelists liked this treatment at least slightly. These results further indicate that all 
samples that were marinated with at least 0.5% NaCl were highly acceptable to a 
majority of consumers but that marinating broiler breast meat with 1.25% NaCl made the 
chicken breast meat be highly acceptable to the greatest number of consumers and that 
increased NaCl concentration above 0.50% increased acceptability scores in some 
consumer clusters. Saha et al. (2009a) also reported that approximately 88% of panelists 
liked (hedonic scale rating ≥ 6) marinated fillets over the non-enhanced fillets, 
irrespective of their salt concentration. 
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Table 4.1 Marination pick-up, pH, and surface color of vacuum-tumbled chicken 
breast meat that was enhanced with salt and phosphate treatments 
 
Treatment 
Marinade 
Pick-up 
(%)
pH 
L*
(lightness) 
a* 
(redness) 
b*
(yellowness)
Control NA 5.84 57.6a -0.39 8.1a
0% Salt, 0.35% STP 12.3 5.89 58.0a -0.13 5.7c
0.25% Salt, 0.35% STP 12.1 5.82 57.9a -0.22 6.0bc
0.50% Salt, 0.35% STP 12.8 5.86 56.3ab -0.13 5.5c
0.75% Salt, 0.35% STP 12.5 5.84 54.9bc -0.03 6.1bc
1.00% Salt, 0.35% STP 12.3 5.86 55.2b -0.30 6.3bc
1.25% Salt, 0.35% STP 12.2 5.83 53.2c -0.12 6.7b
1.50% Salt, 0.35% STP  12.4 5.79 51.3d 0.13 5.7c
Pooled SEM 0.001 0.027 0.61 0.088 0.255
P-value 0.08 0.29 <0.0001 0.061 <0.0001
Linear NA NA <0.0001 NA NA
Quadratic NA NA 0.19 NA NA
Cubic NA NA 0.62 NA NA
a-dMeans within a column with different superscript are significantly different (P<0.05).
Table 4.2 Cooking loss, cooking yield based on green weight shear force, and 
expressible moisture of vacuum-tumbled chicken breast meat that was 
enhanced with salt and phosphate treatments 
 
Treatments Cooking  
Loss (%) 
Cooking Yield 
Based on Green 
Weight 
Shear  
Force (N) 
 
Expressible  
Moisture (%) 
Control 24.3b 75.7d 17.9a 14.8a
0% Salt, 0.35% STP 26.7a 85.6c 14.6b 12.3b
0.25% Salt, 0.35% STP 24.7b 87.4c 13.3c 12.3b
0.50% Salt, 0.35% STP 22.0c 90.8b 12.8c 11.0b
0.75% Salt, 0.35% STP 19.7d 92.8a 11.5d 10.6b
1.00% Salt, 0.35% STP 17.5e 94.8a 11.7d 11.0b
1.25% Salt, 0.35% STP 17.3e 94.9a 11.4d 10.8b
1.50% Salt, 0.35% STP  17.6e 94.8a 12.1cd 10.7b
Pooled SEM 0.55 0.64 0.43 0.01
P-value <0.0001 <0.0001 <0.0001 0.0007
Linear <0.0001 <0.0001 0.0002 0.0067
Quadratic 0.0003 <0.0001 0.0038 0.081
Cubic 0.045 0.01 0.71 0.85
a-eMeans within a column with different superscript are significantly different (P<0.05).
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Table 4.3 Proximate composition of vacuum-tumbled chicken breast meat that was 
enhanced with salt and phosphate treatments 
 
Treatments Fat (%) Protein (%) Moisture (%) Sodium (ppm)
Control 1.61 22.2a 74.1d 502h
0% Salt, 0.35% STP 2.12 20.5b 75.5a 1314g
0.25% Salt, 0.35% STP 2.38 20.0bc 75.5a 2184f
0.50% Salt, 0.35% STP 1.57 20.0bc 75.6a 3297e
0.75% Salt, 0.35% STP 1.72 19.8bc 75.2ab 4140d
1.00% Salt, 0.35% STP 1.78 19.7c 74.8bc 4883c
1.25% Salt, 0.35% STP 1.39 20.0bc 74.6cd 5556b
1.50% Salt, 0.35% STP 1.58 19.6c 74.3cd 6621a
Pooled SEM 0.216 0.24 0.18 149.8
P-value 0.09 <0.0001 0.0001 <0.0001
Linear 0.0005 0.017 <0.0001 <0.0001
Quadratic 0.24 0.21 0.09 0.19
Cubic 0.51 0.25 0.29 0.22
a-hMeans within a column with different superscript are significantly different (P<0.05).
Table 4.4 Effects of vacuum-tumbling chicken breast meat with salt and phosphate 
treatments on sensory evaluation for appearance, aroma, texture, flavor, and 
overall acceptability 
Treatments Appearance 
acceptability 
Aroma 
acceptability 
Texture 
acceptability 
Flavor 
acceptability 
Overall 
acceptability 
Control 6.8 6.5c 5.5c 5.2c 5.4c 
0.25% Salt, 0.35% STP 7.1 6.7bc 6.7b 6.5b 6.6b 
0.50% Salt, 0.35% STP 7.0 6.8ab 7.1ab 6.9ab 7.0ab 
0.75% Salt, 0.35% STP 7.1 7.1a 7.0ab 7.1a 7.0ab 
1.00% Salt, 0.35% STP 7.2 6.9ab 7.2ab 7.2a 7.1ab 
1.25% Salt, 0.35% STP 7.1 7.0ab 7.3a 7.2a 7.2a 
Pooled SEM 0.10 0.10 0.16 0.16 0.17 
P-value 0.14 0.019 0.0001 <0.0001 0.0002 
a-cMeans within a column with different superscript are significantly different (P<0.05). 
Table 4.5 Mean hedonic scores for overall consumer acceptability of vacuum-tumbled 
broiler breast meat with salt and phosphate treatments 
Cluster Panelist(%) Control 0.25% 
Salt 
0.50% 
Salt 
0.75% 
Salt 
1.00% 
Salt 
1.25% 
Salt 
1 26.3 5.3c 7.0b 7.0b 7.7a 7.5a 7.7a 
2 17.1 6.9c 8.1ab 8.1ab 8.2ab 8.4a 7.9b 
3 21.1 6.4c 6.6bc 7.2a 6.9abc 6.6bc 7.0ab 
4 6.9 5.6 5.8 6.9 7.2 7.7 6.1 
5 12.6 3.5e 5.0d 6.3bc 5.6cd 6.8ab 7.4a 
6 7.4 5.2 6.5 6.2 5.5 6.8 7.5 
a-eMeans within a row with different superscript are significantly different (P<0.05). 
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CHAPTER V 
CONCLUDING STATEMENTS 
Conclusions 
Broilers varying in gender and strain cross have similar sensory and 
compositional characteristics; therefore consumers are unlikely to detect differences in 
sensory attributes. This indicates that Strain B, which was genetically selected to 
maximize breast yield could be used to maximize yields without compromising meat 
quality. 
Results obtained from the marination of chicken breast fillets suggest that low salt 
concentrations (0.50 to 1.00%) in combination with sodium tripolyphosphate (0.35% 
STPnew) may be optimal to improve quality of fresh poultry meat that has been enhanced 
by vacuum tumbling without compromising flavor and texture. At least 0.50% NaCl 
should be incorporated in broiler breast meat to ensure that the product is acceptable to a 
large number of consumers. However, use of 0.75% NaCl can be used to improve color 
through decreasing lightness. In addition, 1.0 and 1.25% NaCl can be considered for use 
if the product is going to be used for food service since increasing NaCl concentration to 
these levels decreases cooking loss and is acceptable to the largest number of consumers.  
Practically, marination with 0.75 % NaCl is sufficient to maximize yields and 
improve color in vacuum-tumbled, marinated broiler breast that is sold raw, but 1.0 % 
NaCl could be used in a pre-cooked product since it minimizes cooking loss. In addition, 
use of 0.50 % NaCl minimizes sodium concentration and has minimal effects on yields, 
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color, and sensory acceptability when compared to products that are marinated with 
greater concentrations of NaCl. 
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TRIANGLE TEST  
 
 
 
Name: _____________________________________         Date: ______________________ 
 
Type of Sample: _____________________________________________________________ 
 
 
INSTRUCTIONS 
 
1. Taste coded samples on the tray from left to right 
2. Two coded samples are identical; one is different (odd) 
3. Select the odd/ different sample and indicate it in the space provided  
4. You may wish to expectorate the sample in the cup provided and rinse with the water 
provided  
 
 
Sets of three samples                                               Which one is the odd sample? 
 
751          856          320                                              ______________________ 
 
 
 
547        256             368                                             _______________________ 
 
 
 
 
 
 
 
COMMENTS 
 
________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 
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APPENDIX D 
SCORE SHEET - ACCEPTANCE TEST FOR STUDY # 10-138 
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CONSUMER ACCEPTANCE TEST 
 
Samples: Chicken Breast 
Date: _______________ 
 
You have been provided with a tray containing four coded samples.  Please follow the instructions as 
indicated: 
1. Taste each sample starting with the number on the left and continuing to the right. 
2. Rate each sample in each of the three categories listed and place a check mark to indicate 
your choice. 
3. If you do not wish to swallow the sample, you may expectorate the sample in the cup and 
rinse with the water provided. 
4. Each column will need a check mark if you choose to evaluate all samples. 
5. Thank you for your participation. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please continue to the back of the page 
546 771 603 256 APPEAREANCE 
    1.-Like extremely 
    2.-Like very much 
    3.-Like moderately 
    4.-Like slightly 
    5.-Neither like or dislike  
    6.-Dislike slightly 
    7.-Dislike moderately 
    8.-Dislike very much  
    9.- Dislike extremely 
546 771 603 256 AROMA 
    1.-Like extremely 
    2.-Like very much 
    3.-Like moderately 
    4.-Like slightly 
    5.-Neither like or dislike  
    6.-Dislike slightly 
    7.-Dislike moderately 
    8.-Dislike very much  
    9.- Dislike extremely 
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Thank you for your participation  
COMMENTS 
________________________________________________________________________ 
546 771 603 256 TEXTURE 
    1.-Like extremely 
    2.-Like very much 
    3.-Like moderately 
    4.-Like slightly 
    5.-Neither like or dislike  
    6.-Dislike slightly 
    7.-Dislike moderately 
    8.-Dislike very much  
    9.- Dislike extremely 
546 771 603 256 FLAVOR 
    1.-Like extremely 
    2.-Like very much 
    3.-Like moderately 
    4.-Like slightly 
    5.-Neither like or dislike  
    6.-Dislike slightly 
    7.-Dislike moderately 
    8.-Dislike very much 
    9.- Dislike extremely 
546 771 603 256 OVERALL 
ACCEPTABILITY 
    1.-Like extremely 
    2.-Like very much 
    3.-Like moderately 
    4.-Like slightly 
    5.-Neither like or dislike  
    6.-Dislike slightly 
    7.-Dislike moderately 
    8.-Dislike very much 
    9.- Dislike extremely 
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APPENDIX E 
IRB APPROVAL LETTER OF STUDY # 10-216 
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APPENDIX F 
CONSENT FORM OF STUDY # 10-216 
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APPENDIX G 
SCORE SHEET - ACCEPTANCE TEST OF STUDY # 10-216
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CONSUMER ACCEPTANCE TEST 
 
Samples: Chicken Breast 
Date: _______________ 
 
You have been provided with a tray containing six coded samples.  Please follow the instructions as 
indicated: 
1. Taste each sample starting with the number in the first table. 
2. Rate each sample in each of the five categories listed and place a check mark to indicate your 
acceptability rating of that sample. 
3. If you do not wish to swallow the sample, you may expectorate the sample in the cup and 
rinse your mouth with the water provided. 
4. Each column will need a check mark if you choose to evaluate all samples. 
5. Thank you for your participation. 
 
 
 
Sample : 515 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall 
Acceptability 
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike       
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
 
 
Sample : 212 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall Acceptability 
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike       
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
 
 
Sample : 718 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall 
Acceptability
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike     
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
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Sample : 187 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall Acceptability 
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike       
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
 
 
Sample : 261 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall 
Acceptability 
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike       
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
 
 
Sample : 436 
 
Appearance 
 
Aroma 
 
Texture 
 
Flavor 
Overall 
Acceptability 
Like extremely      
Like very much      
Like moderately      
Like slightly      
Neither like or dislike       
Dislike slightly      
Dislike moderately      
Dislike very much       
Dislike extremely      
 
 
 
Thank you for your participation  
 
COMMENTS 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
